The human lecithin-cholesterol acyltransferase (LCAT) gene has been sequenced to completion. The gene is divided into six exons spanning 4,2OO bp. Exon five codes for amino acids homologous to the interfacial active site of several Upases, and also codes for an amphipathic a-helix resembling the carboxy terminus of apolipoprotein E. Blot hybridization data suggest that there is only one LCAT gene in humans. The 1550 base LCAT mRNA can be detected in liver and HepG2 (hepatocyte) cells, but not 1n small intestine, spleen, pancreas, placenta or adrenal tissue.
INTRODUCTION
The plasma protein lecithin-cholesterol acyltransferase (LCAT) is a key component in the process of transport of cholesterol from peripheral tissues to the liver for catabolism (1) . LCAT catalyzes the transfer of acyl groups from lecithin to the 3-OH of free cholesterol. This results in the conversion of diffusible cholesterol to insoluble cholesteryl ester molecules which reside in the core of circulating lipoprotein particles. This conversion maintains a gradient of cholesterol concentration between cell membranes and plasma. When LCAT activity is genetically defective, cholesterol accumulates in tissues, causing a number of clinical symptoms (2).
The complete human LCAT cDNA has been cloned and sequenced, and used to drive the expression of active LCAT by transfected tissue culture cells (3). Translation of the cDNA sequence predicts a mature protein of 416 amino acids with a hydrophobic leader sequence of 24 residues. The glycoprotein migrates on SDS gels with an apparent M r -63,000. The human LCAT sequences share a region of homology with the "Interfacial" active site of porcine pancreatic lipase and rat lingual lipase (3). To provide a basis for comparison of the gene structure of LCAT with genes of related Hpid interacting enzymes and with the LCAT genes of patients deficient 1n plasma LCAT activity, we used our cDNA clone to isolate the LCAT gene from a phage A/human genomic library. Here we report the complete DNA sequence of 6.9 kb comprising the LCAT gene and flanking DNA, and discuss the tissues of origin of LCAT mRNA.
f£THODS
LCAT clones were recovered from a human genomic DNA library (4) utilizing an LCAT cDNA clone (3) as probe by methods previously described (3). DNA sequencing was accomplished by dideoxy chain termination methods (5) . Approximately 80 percent of the genomic DNA was sequenced on both strands. All other regions were sequenced at least twice. Details concerning RNAse mapping as in (6) and Northern blot hybridization as in (3) are given in the figure legends. Primer extension analysis was performed by 3? adapting our normal cDNA synthesis procedure (7): 0.4 yg of P-end labeled 17 base oligonucleotide was annealed to 20 ug of poly(A ) RNA and incubated for 3 hours at 42*C with 85 units of AMV reverse transcriptase.
RESULTS AND DISCUSSION Isolation and Sequence of the LCAT Gene
Utilizing the LCAT cDNA clone pL12 (3) as probe, we isolated the LCAT gene from a library of human DNA in the bacteriophage x Charon 30 (4). Five hybridizing clones all appeared to contain the entire mRNA coding sequence. Subsequent analysis showed that all of the sequences contained in the full-length cDNA clone lie in a single, 18 kb genomic BamHI fragment. Nearly 7,000 nucleotides of this portion of the genome were sequenced by subcloning restriction fragments into M13 vectors, some of which were shortened by controlled exonuclease digestion (8), and performing dideoxy chain termination reactions (5) with primer oligomers hybridizing to either M13 sequences or to LCAT genomic sequences already determined. A restriction map and sequencing strategy 1s shown in figure 1 and the DNA sequence in figure 2. In all exons the genomic sequence precisely matches the cDNA sequence we reported previously (3).
The LCAT gene is divided into six exons, so that the -1,400 bp of mRNA coding sequence are spread out over ~4,200 bp of the genome. The signal prepeptide and the first 27 amino acids of the mature protein are encoded in the first exon. Exon five contains two regions of homology with other proteins that interact with lipids. One of these is the he*apeptide (residues 178-183) that is identical to the amino add sequence at the interfacial active site of porcine pancreatic lipase, as we previously The location of the 5' terminus of the mRNA has been determined by primer extension and RNAse mapping (Fig. 3) . Based on the sequence of cDNA clones, and on Northern blot determination of the size of hybridizing mRNA in liver, we estimated that the 5'-untranslated region of the LCAT message was less than 100 nucleotides (3). The longest cDNA clones we reported contained 11 bp upstream of the initiation codon ATG. We have subsequently analyzed a cDNA clone which contains 24 bp of upstream sequence, matching sequence from genomic clones. In summary, the human LCAT gene spans 4200 bp and is divided into six exons. The gene 1s known to reside in the q21-22 region of human chromosome 16 (19) . Blot hybridization data indicate that there is only one LCAT gene in humans, although more distantly related genes may well exist. The gene product, which 1s chiefly associated with the HDL fraction of plasma lipoprotein particles, is synthesized in liver (2), and no extrahepatic sites of synthesis have been identified in this study. The characterization of the human LCAT gene reported here can now serve as a basis of Identification and detailed characterization of the mutations which underlie congenital LCAT deficiency and thus contribute to the understanding of the activity and substrate interactions of this enzyme.
